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Obstructive sleep ApneA
Obstructive sleep apnea (OSA) involving airway obstruction during sleep, hypoxemia and sleep disruption occurs in 1-3% of children, [1] [2] [3] [4] [5] [6] whereas in adults, it is diagnosed in 38% of men and 28% of women. 7, 8 In adults, the prevalence of OSA is increased in patients with diabetes, those older than 60 years of age, those who are overweight, have hypothyroidism, alcoholism and head and neck cancer.
The presentation of OSA in children and adults is different (Table 1) . Adults frequently present with daytime somnolence and obesity, whereas children may have normal weight or failure to thrive, behavioral disorders and enuresis. In both adults and children, the presence of OSA has increased risks for surgery. Namely, increased episodes of oxygen desaturation, postoperative reintubation, arrhythmias, and hypertension. Because of these adverse outcomes, the American Society of Anesthesiologists has published guidelines for the perioperative management of OSA patients. 9 Though the "gold standard" for diagnosis of OSA is polysomnography, in children the diagnosis of OSA is frequently made on the basis of symptoms. Snoring is a sensitive but not specific sign of OSA. Approximately 10% of children have primary snoring. Although primary snoring does not progress to OSA, 40% of snoring children will have OSA. [1] [2] [3] [4] [5] [6] In children, obstructive events generally occur in rapid eye movement (REM) sleep as opposed to adults in whom obstruction occurs in non-REM or equal amounts of REM and non-REM sleep. The definition of polysomnography-defined OSA can differ among sleep labs. The apnea-hypopnea index (AHI) is defined as the number of obstructive events per hour of sleep. RDI (respiration disturbance index) is the number of respiratory events and central apneas per hour (Table 2 ). An AHI of 0-1 is considered normal, 2-4 is mild OSA; 5-9 moderate, and an AHI higher than 10 is severe.
The essential component of OSA in children is increased upper airway resistance, the most common course being adenotonsillar hypertrophy. Although the classic pediatric patient with OSA is generally underweight, as the epidemic of obesity increases and affects more children, obesity is increasing as a risk factor for childhood OSA. In the United States, it is estimated that 33% of children are overweight and 17% are obese. 10 Craniofacial abnormalities are commonly found in children with sleep apnea (Table 3) Chronic OSA generally results in pharyngeal collapsibility with obstruction of the airway and subsequent hypoxemia and/or hypercarbia. With chronic hypoxemia and hypercarbia pulmonary artery pressure increases, which can result in right ventricular hypertrophy and heart failure. Patients with OSA can also develop biventricular dysfunction. Increased sympathetic nervous system along with autonomic and endothelial dysfunction can result in systemic hypertension. With right ventricular dysfunction, the ventricular system can bulge into the left ventricle (LV) thereby decreasing LV volume and cardiac output and increasing LV end-diastolic pressure and left atrial pressure. In addition, OSA can result in large negative intrapleural pressure changes, increases in LV afterload and the development of pulmonary edema.
Anesthetic concerns for children with OSA secondary to adenotonsillar hypertrophy must focus on (1) age-appropriate cardiovascular issues and (2) In addition to the intraoperative challenges, some of the more difficult issues involve the management of the pediatric OSA patient in the postoperative period. Issues of pain relief, antiinflammatory drugs (NSAIDs) use, and opioid sensitivity are significant. Pediatric patients with OSA have an increased risk for postoperative respiratory complications. [13] [14] [15] Children younger than 3 years of age have twice the risk of postoperative respiratory complications as children 3-6 years of age.
In addition to the perioperative administration of opioids, pain control and maintaining hydration have become significant issues in the postoperative period after discharge from the hospital. Pain control with acetaminophen, opioids and NSAIDs have become the main components of at-home pain therapy. However, all of the drug types have significant side effects. [16] [17] [18] The use of codeine both with and without acetaminophen has come under more intense scrutiny. Codeine is nonanalgesic and it needs to be metabolized to morphine in order for it to be effective. Codeine is metabolized through the CYP2DG pathway. There are a number of polymorphic forms. Thus, there can be patients who are ultra-rapid and extensive metabolizers (thus prone to high levels of morphine) as well as poor metabolizers (patients who derive no analgesic benefit from the drug).
At home, death from respiratory arrest has been reported in a number of patients who turn out to be ultra-rapid or extensive metabolizers. Although evidenced-based reviews of the Cochrane collaboration suggested that there is no risk of bleeding in the post-tonsillectomy adenoidectomy patient with NSAIDS, it is unclear if this applies to the use of ibuprofen.
How effective is adenotonsillectomy in children? Published studies have reached slightly different conclusions. In a study of 207 children (of which only one was obese) Guilleminault et al. 19 noted that patients' postoperative polysomnograms indices improved compared to their preoperative values, but still 46% of patients had an AHI that was higher than 1. Of note was that risk factors associated with elevated AHI postsurgery included preoperative deviated septums, Mallampati scores of 3 and 4, retroposition of the mandible and enlargement of the inferior nasal turbinates.
Other studies have noted similar findings in that the adenotonsillectomy is not universally curative. The percentage of patients with normal AHI postoperatively varies from 27 to 90%. This variance is in part related to the definition used for OSA, i.e., AHI/RDI and the patient population being investigated. 20 In patients with obesity (Body Mass Index > 95%) the incidence of OSA can be as high as 40%. Mitchell and Kelly noted in a group of 30 obese children with pre-and postsurgical polysomnograms that the polysomnogram indices improved, but the vast majority of patients still had by definition OSA. 21 These findings have been substantiated in single-center studies and literature reviews/meta-analysis. That is, adenotonsillectomy reduces the severity of OSA in children but is rarely curative. [22] [23] [24] In summary, OSA in children is different from adults. Though the most common cause in pediatric patients is adenotonsillar hypertrophy, adenotonsillectomy is not always curative but greatly improves the patient's symptoms. Whether it can influence the effects of obesity remains to be determined. E Pause in airflow with absent respiratory effort, scored with >20 s or 2 missed breaths and a >3% drop in oxygen saturation Obstructive apnea >90% reduction of airflow despite continuing respiratory effort, scored when event lasts at least 2 missed breaths in children. Obstructive hypopnea >50% reduction of airflow with associated respiratory effort, scored when at least 2 missed breaths and >3% drop in oxygen saturation or arousal Mixed apneas ≥90% reduction in airflow, lasting at least 2 missed breaths, and containing absent respiratory effort initially (a central apneic pause), followed by resumption of respiratory effort without a resumption of airflow (an obstructive apnea). Obstructive hypoventilation End-tidal CO 2 >50 mmHg for >25% of the total sleep time with paradoxical respirations, snoring, and no baseline lung disease. 
